The content of macro-and microelements in milk depends on a variety of environmental, genetic and physiological factors. The aim of the study was to determine the effect of the region of production and stage of lactation, associated with the production season, on the content of selected macro-and microelements, including potentially toxic elements, in goat milk. The material consisted of goat milk samples collected from farms in two regions of Poland: 74 samples from central-eastern Poland (the Provinces of Lublin and Świętokrzyskie) and 149 from southern Poland (the Bieszczady mountains). The milk was collected in three seasons: winter (75 samples), summer (111) and autumn-winter (37). In each milk sample, the percentage of casein, protein, fat, lactose and dry matter was determined, as well as the concentrations of K, Ca, Na, Mg, Zn, Fe, Cu and Mn. K, Ca, Na, Mg and Zn using a Varian 240FS AA spectrometer, by the flame atomic absorption technique, while Fe, Cu and Mn were determined in a graphite furnace with the Zeeman background correction, using a Varian 240Z AA spectrometer. The goats' production peak was in the summer, when they were at pasture. From mid-lactation they produced milk with significantly (p ≤ 0.01) higher concentration of components. Milk obtained in stage I of lactation (winter feeding) was the richest source of Zn, Fe and Cu, while stage II milk (summer feeding) had the highest K content, and stage III milk (autumn-winter feeding) had the highest content of Ca, Na, Mg and Mn. Concentration of Zn, Fe and Cu decreased over the course of lactation. Milk obtained in the Bieszczady mountain region had significantly (p ≤ 0.01) higher content of dry matter, fat and protein. It also contained significantly (p ≤ 0.01) more Ca, Na, and Mg, and less K and Zn in comparison with the milk of the goats raised in central-eastern Poland. The highest positive correlation coefficients were noted between the content of Ca and Mg, Zn and Fe, Zn and Cu, Na and Mg, and Fe and Cu, while K content was negatively correlated with that of Na, Ca and Mg (p ≤ 0,001).
introduCtion
Milk is a food of particular interest, both in terms of its nutritional value and its effect on health. Its high calcium content is the main argument put forward in milk promotion campaigns for maintaining the privileged position of milk in the daily diet (Hozyasz, słowik 2013) .
In Poland, most available milk is obtained from cows, but some small quantities originate from goats. Barłowska et al. (2013) demonstrated that goat milk is a more valuable source of calcium, potassium, iron, copper and manganese than cow milk. Studies by other authors confirm this observation, having detected more magnesium and zinc than in cow milk (Belewu, aiyegBusi 2002 , soliman 2005 , Park et al. 2007 , Ceballos et al. 2009 , zamBerlin et al. 2012 . Thus goat milk can be an alternative source of calcium as well as other elements.
Nevertheless, the chemical composition of milk, including the content of macro-and microelements, is not constant. It depends on a variety of environmental, genetic and physiological factors (Danków, Pikul 2011) .
The aim of the study was to determine the effect of the region of production and the stage of lactation (associated with the production season) on the content of selected macro-and microelements in goat milk.
material and methods
The material for the study consisted of 223 goat milk samples collected from two regions of Poland: 74 samples from central-eastern Poland (the Provinces of Lubelskie and Świętokrzyskie) and 149 from southern Poland (the Bieszczady mountains). The milk was collected during three production seasons, which were closely linked to the stage of lactation: winter -the beginning of lactation (75 samples), summer -the peak of lactation (111) and autumn-winter -the end of lactation (37).
The milk was transported in thermal bags with freezer packs to the laboratory of the Department of Commodity Science and Processing of Raw Animal Materials, University of Life Sciences in Lublin (aoaC 2000b).
The chemical composition of the milk was evaluated in an Infrared Milk Analyzer. The percentages of fat, protein, lactose and dry matter were determined. The casein content was measured by the Walker method according to AOAC (2000a) . The concentration of selected macro-and microelements was determined by atomic absorption spectrometry. 1 ml of milk was poured into each polytetrafluoroethylene flask together with 6 ml suprapure nitric acid (65%). The solutions were mineralized under increased pressure in a CEM MARS 5 Xpress microwave digester. Then, the mineralized samples were quantitatively transferred using deionized water into 25 cm 3 volumetric flasks.
For the determination of Ca, Mg, K and Na, buffer was added to the samples according to Schinkel (10 g L -1 CsCl + 100 g L-1 La), so that the final solution contained 1% of the buffer. The concentrations of K, Ca, Na, Mg and Zn were determined on a Varian 240FS AA spectrometer, using the flame atomic absorption technique (air-acetylene flame). Fe, Cu and Mn were determined in a graphite furnace with the Zeeman background correction (in argon atmosphere) using a Varian 240Z AA spectrometer. Parallel to the experimental samples, the certified reference material NCS ZC 73015 Milk Powder and blank samples were analysed. The recovery of certified reference material for the analyzed elements ranged from 95 to 105%. Standard deviation between replicate measurements was no more than 5%.
The results were analysed statistically using Statistica ver. 6 (StatSoft Inc. 2003). Significance of differences between means was determined using the Tukey's test, at p () = 0.05 and p = 0.01. The Pearson's correlation coefficients between concentrations of macro-and microelements were calculated as well.
results and disCussion
In goats, as in sheep, the sexual activity is seasonal. Hence, the stage of lactation is closely linked to the season of production. Lactation usually begins in the first months of the year, that is during the winter feeding period, when goats are fed on roughage. After they are turned out to pasture, daily milk yield increases, and later (in the autumn months) it decreases steadily until the dry period. Table 1 shows that in the early lactation period (early spring -winter feeding) the mean daily yield of goats was 1.44 kg of milk. The peak production (2.04 kg) was noted in the summer, when goats were at pasture, but it fell to 1.16 kg per day near the end of lactation (autumn-winter feeding). From mid-lactation, goats produced milk with significantly (p ≤ 0.01) higher concentrations of milk components. The lowest levels of these components were noted in the milk from the initial lactation period. A similar relationship was observed by králíčková et al. (2012), who found that daily milk yield decreased from the beginning to the end of lactation, while the content of dry matter, protein, fat and casein increased from day 190 to the end of lactation.strzałkowska et al. (2009) compared daily milk yield and the basic chemical composition of milk from Polish White Improved goats during three stages of lactation (day 60, 120 and 200). The highest milk yield was noted on day 120 of lactation (1.38 kg), with the lowest content of fat (3.38%) and dry matter (11.83%). The lowest protein content (2.98%), however, was observed on day 60 after parturition. mestawet et al. (2012) , in contrast, found that the concentration of dry matter, fat and protein in goat milk was significantly higher (p < 0.001) in the early and late stages of lactation than in the middle one.
Analysis of the effect of the production region on production parameters among goats revealed significant differences (p ≤ 0.01) only in the content of dry matter, fat and protein, with higher levels noted in the milk from the Bieszczady mountain region (Table 1) . 
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A, B -differences between stage of lactation (feeding period) significant at p ≤ 0.01; a, b -significant at p ≤ 0.05; X, Y -differences between production regions significant at p ≤ 0.01; x, y -significant at p ≤ 0.05
Concentrations of most of the tested elements were found to vary over the course of lactation, which was linked to the season of production ( Table  2) . Milk collected during lactation stage II was the richest source of potassium (1938.8 mg L -1 ), while milk from the final stage contained most calcium, sodium and magnesium. The lowest concentrations of these elements were noted in milk collected during stage II of lactation (the production peak), which was confirmed statistically (p ≤ 0.01).
Zinc, copper and iron decreased over the course of lactation. The difference between lactation stages I and III was 0.92 mg L -1 and 0.065 mg L -1
(p ≤ 0.01) for zinc and copper, respectively, and 0.136 mg L -1 for iron, although in the case of iron the difference was statistically insignificant, probably due to its substantial variability. A reverse tendency was noted in the case of manganese, whose concentration was the lowest at the beginning of lactation (0.056 mg L -1 ), but more than twice as high at the final stage of lactation -0.125 mg L -1 (p ≤ 0.01). The results of our study are confirmed by mestawet et al. (2012), who report that the Ca concentration in goat milk was significantly higher (p < 0.001) in the first and last stages of lactation than in the middle stage. The Na and Mg content was the highest in the final stage, while Zn decreased over the course of lactation.trancoso et al. (2009) evaluated the content of macro-and microelements in goat milk over the course of lactation from November to May, but did not observe any clear trends. The milk collected in December (second month of lactation) had the highest manganese content, while the milk from January (third month) was the richest in sodium, calcium, magnesium and iron. The milk with the highest concentration of heavy metals, i.e. zinc and copper, was collected in November. Only zinc was found to be decreasing over the course of lactation, which is confirmed by the present study. A study by al-waBel et al. (2008) on milk collected from goats ). Barłowska et al. (2013) report that the production season had a significant effect on most of the elements tested. The milk produced by goats contained more calcium, sodium, magnesium and copper in the autumn-winter season, and higher levels of potassium in the spring-summer season. An Italian study by coni et al. (1996) found that goat milk collected in the summer had a higher content of copper, iron and magnesium, while winter milk had higher levels of manganese and zinc. konDyli et al. (2007) also observed seasonal changes in the most important macroelements, i.e. Ca, P and K, and microelements, i.e. Cu and Zn.
The data in Table 2 show that the milk of goats raised in the Bieszczadys contained significantly (p ≤ 0.01) more calcium, sodium, and magnesium, while the milk from central-eastern Poland had a higher concentration of potassium. Higher concentrations of the heavy metals tested, i.e. zinc and copper, were noted in the milk from the central-eastern region of Poland (2012) , in a study on cow milk, also found that the season and region of production had a significant effect on content of Zn, Cu, Mn, Cd and Pb, but not Fe.
The correlation coefficients presented in Table 3 between concentrations of macro-and microelements show a positive correlation between calcium and magnesium (r = 0.65***), calcium and copper (r = 0.22***), zinc and iron (r = 0.42***), zinc and copper (r = 0.46***), sodium and magnesium (r = 0.41***) and iron and copper (r = 0.48***). The potassium content in Table 3 Correlation coefficients between content of macro-and microelements in the goat milk (mg L 
ConClusions
1. The highest milk yield was observed during the summer season, when the goats were at pasture. From mid-lactation, the concentration of milk components increased significantly (p ≤ 0.01). The milk from the Bieszczady region had a significantly (p ≤ 0.01) higher content of dry matter, fat and protein compared with the Lubelskie and Świętokrzyskie Provinces.
2. Milk obtained from goats in stage I of lactation (winter feeding) was the richest source of Zn, Fe and Cu, while milk from stage II (summer feeding) was the highest in K, and milk from stage III (autumn-winter feeding) was the highest in Ca, Na, Mg and Mn. Concentrations of zinc, iron, and copper decreased over the course of lactation.
3. Milk obtained from goats raised in the Bieszczady mountain region contained significantly (p ≤ 0.01) more Ca, Na and Mg, and less K and Zn than from the goats kept in central-eastern Poland.
4. The highest positive correlation coefficients were noted between the content of Ca and Mg, Zn and Fe, Zn and Cu, Na and Mg, and Fe and Cu, whereas the K content was negatively correlated with that of Na, Ca and Mg. 
